EP 1122 111 B1

) oo e NIACTRIREATARHRAIINON
(19) o European Patent Office

Office européen des brevets (11) EP 1 122 1 1 1 B1
(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) Intcl.”: B60K 6/04

of the grant of the patent:
06.07.2005 Bulletin 2005/27

(21) Application number: 00118265.8

(22) Date of filing: 04.09.2000

(54) A power transmission apparatus for hybrid vehicles
Antriebslibertragungsvorrichtung fiir Hybridfahrzeuge

Dispositif de transmission de puissance pour véhicule hybride

(84) Designated Contracting States: ¢ Minowa, Toshimichi, Intellectual Property Group
DE FR GB Chiyoda-ku, Tokyo 100-8220 (JP)
¢ Kayano, Mitsuo, Intellectual Property Group
(30) Priority: 04.02.2000 JP 2000032799 Chiyoda-ku, Tokyo 100-8220 (JP)
(43) Date of publication of application: (74) Representative: Beetz & Partner Patentanwalte
08.08.2001 Bulletin 2001/32 Steinsdorfstrasse 10

80538 Miinchen (DE)
(73) Proprietor: Hitachi, Ltd.

Tokyo (JP) (56) References cited:
DE-A- 19 528 628 FR-A- 2 699 127
(72) Inventors: FR-A- 2 777 231 US-A- 5 337 848

* Sakamoto, Hiroshi, Intellectual Property Group
Chiyoda-ku, Tokyo 100-8220 (JP)

Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.
99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 1122 111 B1
Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to a structure of a power train system comprising an engine, an electric rotary
machine (hereinafter, one primarily used for driving is called as an electric motor, one primarily used for generating
power and starting an engine is called as a power generator and one used for driving and generating power with
generally the same frequency to each other is called as a motor generator) and a gear change mechanism, and more
particularly to a power transmission apparatus for improving a transmission efficiency of a power train system.
[0002] In view of a problem of global environment, it becomes important to establish a hybrid control system for
motor vehicles, in which a great reduction of specific fuel consumption can be expected.

[0003] In JP-A-10-217779, there is disclosed an integrated hybrid power transmission apparatus constituted by a
single electric rotary machine, a speed change gear mechanism and a clutch mechanism. The apparatus disclosed in
the publication is so constituted that the gear change mechanism having the electric rotary machine and the clutch
mechanism is integrally contained in a housing of the power transmission apparatus to make the power train system
compact and light in weight. Further, by always connecting an input shaft of the gear change mechanism with the
electric rotary machine, it is possible to take a driving manner so-called "a series hybrid system" in which an engine
drives only the electric rotary machine to generate a power by a part of which other electric rotary machines are driven
to run a vehicle. The engine and the electric rotary machine are totally controlled so as to satisfy a feeling of speed
acceleration and deceleration desired by a driver and operate the engine and the electric rotary machine in a high
efficiency zone.

[0004] The system shown in JP-A-10-217779 has the following problems.

[0005] First, in order to reduce a torque shock during changing a gear change ratio, for example, from a first speed
to a second speed or from a second speed to a third speed, it is necessary to arrange the electric rotary machine in a
drive wheel side to the gear change mechanism. On the contrary, in order to generate power by the engine drive force
in the series hybrid manner, it is necessary to arrange the electric rotary machine in the engine side to the gear change
mechanism. Accordingly, in order to prevent the gear change shock and also improve the gear change performance,
at least two or more electric rotary machines are required, resulting in a problem that the drive system becomes a large
size.

[0006] Second, since a torque transfer mechanism of the engine output shaft to an electric rotary machine output
shaft is complex, an efficiency of torque transmission is low.

[0007] Third, since the drive system is so constituted that the electric rotary machine is driven by the engine, an
inertia torque of the rotor of the electric rotary machine is exerted on the engine side as a load. Thus, during running
under the engine drive, in order to correctly execute an acceleration command from the driver, itis necessary to generate
an additional torque for cancelling the inertia torque in the engine side as well as the torque corresponding to the
acceleration command. This poses a problem that the specific fuel consumption is deteriorated in order to improve a
driving performance.

[0008] DE 195 28 628 A1 discloses a transmission apparatus according to the preamble of claim 1, for a hybrid
vehicle having a clutch arranged between an engine and a gear change apparatus and an electro-motor connected
via a reduction gear to the input shaft of the gear change apparatus. The input shaft and the output shaft of the gear
change apparatus are synchronized by means of the electro-motor.

BRIEF SUMMARY OF THE INVENTION

[0009] Accordingly, an object of the present invention is to improve a transmission efficiency, reduce a specific fuel
consumption of a vehicle and make a drive system compact, in a power transmission apparatus constituted by a gear
change mechanism having an electric rotary machine and a clutch mechanism, and in particular, to reduce shocks
during gear changes.

[0010] This object is achieved by a power transmission apparatus according to claim 1.

[0011] With respect to the first problem, it is effective to dispose a mechanism of mechanically reducing a gear
change shock in place of employing an electric drive force such as an electric rotary machine for reducing the gear
change shock. Accordingly, the invention is of a power transmission apparatus of motor vehicles, which has an engine,
a gear change apparatus arranged between the engine and a vehicle drive shaft, an electric rotary machine connected
to an output shaft of the engine and the vehicle drive shaft via the gear change apparatus, and a clutch arranged
between an input shaft and an output shaft of the gear change apparatus and regulating a transmission torque between
the input and output shafts. According to the clutch, it is possible to reduce the gear change shock generated during
the gear change operation without arranging the electric rotary machine in the drive wheel side of the gear change
apparatus.
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[0012] Preferably, the power transmission apparatus of motor vehicles comprises the clutch mounted on a gear of
a minimum gear change ratio in the gear change apparatus. By mounting the clutch on the gear of the minimum gear
change ratio (i.e. the high speed side gear), it is possible to meet any change of rotation speed before and after the
gear change operation.

[0013] With respect to the second problem, the following technique will be possible. That is, in the hybrid vehicle, in
order to improve the specific fuel consumption of the engine, there may be a case of stopping the engine when stopping
the vehicle and using the electric rotary machine for starting the engine at every time of starting the vehicle. In this
case, in view of an electric efficiency, it is effective to reduce and transmit the rotation of the electric rotary machine to
the engine shaft via the gear change apparatus in place of directly transmitting the rotation to the engine shaft. Thus,
there may be provided a power transmission apparatus of motor vehicles having an engine, a gear change apparatus
arranged between the engine and a vehicle drive shaft, and an electric rotary machine connected to an output shaft
of the engine and the vehicle drive shaft via the gear change apparatus, wherein a rotation of an output shaft of the
electric rotary machine is reduced and transmitted to an engine side input shaft of the gear change apparatus.
[0014] Further, in the case of driving the electric rotary machine by an engine power to generate electric power, it is
effective to restrict the number of transmission mechanisms for transmitting the engine power to the electric rotary
machine (e.g. the number of gears) to be small. Thus, there may be provided a power transmission apparatus of motor
vehicles having an engine, a gear change apparatus arranged between the engine and a vehicle drive shaft, and an
electric rotary machine connected to an output shaft of the engine and the vehicle drive shaft via the gear change
apparatus, wherein the output shafts of the engine and the electric rotary machine are provided separately, and gears
respectively mounted on the both shafts for transmitting the power on the both shafts directly engage with one another.
By the direct engagement of the gears without interposing another gear there between, it is possible to restrain a
reduction of the efficiency of power transmission.

[0015] More preferably, a power transmission apparatus of motor vehicles may further have a clutch for breaking
the connection between the output shaft of the electric rotary machine and the input shaft of the gear change apparatus
at the electric rotary machine side. According to the clutch, it is possible to optionally break the connection of the engine
and the electric rotary machine and prevent the inertia torque of the electric rotary machine from being exerted on the
engine side as a load, thereby the third problem mentioned above can be solved.

[0016] A description will be given in detail below of an embodiment according to the invention referring to the ac-
companying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017]

Fig. 1 is a schematic view of a drive system of motor vehicles according to a first embodiment of the invention;
Fig. 2 is the driving system shown in Fig. 1, which shows a torque transmission course when running by an engine
driving force;

Fig. 3 is the driving system shown in Fig. 1, which shows a torque transmission course during a gear change
operation;

Fig. 4 is the driving system shown in Fig. 1, which shows a torque transmission course after the gear change
operation;

Fig. 5 is a schematic view of a drive system of a motor vehicle according to a second embodiment of the invention;
Fig. 6 is a schematic view of a drive system of a motor vehicle according to a third embodiment of the invention;
Fig. 7 is a schematic view of a transmission of a front engine front drive vehicle (FF vehicles) to which the invention
is applied;

Fig. 8 is a schematic view of another transmission of the FF vehicles to which the invention is applied;

Fig. 9 is a schematic view showing a control system of a hybrid motor vehicle to which the invention is applied;
Fig. 10 is a schematic view of a hybrid motor vehicle in which a transmission according to the invention is provided
in a front wheel side; and

Fig. 11 is a schematic view of a drive system of motor vehicles according to a fourth embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE PRESENT INVENTION

[0018] Fig. 1 is a schematic view showing a whole drive system of motor vehicles according to a first embodiment
of the invention. Reference numeral 1 denotes an engine and 11 a motor generator which outputs a kinetic energy by
an electric energy provided from a battery 13 and which converts an applied kinetic energy into an electric energy to
store into the battery 13. Reference numerals 21 denote a wheel and 23 a wheel axle.

[0019] Reference numeral 5 denotes a gear generally called as a high speed drive gear, and 15 a gear generally
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called as a high speed driven gear which engages with the high speed drive gear 5. The high speed drive gear 5 is
fixed on a transmission input shaft 4.

[0020] Reference numeral 6 denotes a gear generally called as a low speed drive gear, and 16 a gear generally
called as a low speed driven gear which engages with the low speed drive gear 6. The low speed drive gear 6 is fixed
on the transmission input shaft 4.

[0021] Reference numeral 7 denotes a gear generally called as a middle speed drive gear which is fixed on the
transmission input shaft 5. Reference numerals 18 denote a gear generally called as a middle speed driven gear, and
8 a motor generator driven gear. The middle speed driven gear 18 and the motor generator driven gear 8 engage with
the middle speed drive gear 7, respectively. The relationship between the middle speed drive gear 7 and the motor
generator driven gear 8 is set so as to have a gear ratio of transmitting a torque from the motor generator output shaft
10 to the transmission input shaft 4 with a reduced speed.

[0022] Reference numeral 9 denotes a motor generator dog clutch which has a function of engaging or disengaging
the motor generator output shaft 10 with or from the motor generator driven gear 8. Reference numerals 17 denote a
gear change dog clutch. The gear change dog clutch 17 has a function of engaging or disengaging the transmission
output shaft 19 with or from the low speed driven gear 16 or the middle speed driven gear 18.

[0023] In general, it has been known that the dog clutch is free from slip loss when engaged and has a high trans-
mission efficiency. Further, the torque transfer mechanism is of the middle speed drive gear 7 and the motor generator
driven gear 8 as shown by a dotted line 100.

[0024] Reference numeral 3 denotes a start clutch. It may be a so-called dry type in which a clutch disc mounted to
the transmission input shaft 4 is pinched between a flywheel and a pressure plate to transmit a torque, and which may
have a mechanism for performing an "ON/OFF" operation is of such a type that an operation force of a clutch pedal
(not shown) is transmitted by a hydraulic actuator or the like. The start clutch 3 may be also those conventionally known,
such as a wet type multi-plate clutch, an electromagnetic clutch and so on.

[0025] Reference numerals 14 denote a high speed multi-plate clutch which has a function of engaging and disen-
gaging with and from the high speed driven gear 15 under an operation of a hydraulic actuator 24. Here, when the high
speed multi-plate clutch 14 is gradually pressed by the hydraulic actuator 24, the torque of the transmission input shaft
4 is gradually transmitted to the transmission output shaft 19. A rotational speed of the transmission output shaft 19
can be controlled with relation to a load (a road status, a weight of vehicle body, etc.) by controlling a force for pressing
the high speed multi-plate clutch 14 by means of the hydraulic actuator 24. In this case, a torque of the engine 1 is
transmitted along a transmission course from the engine output shaft 2 to the transmission output shaft 19 successively
through the start clutch 3, the transmission input shaft 4, the high speed drive gear 5, the high speed multi-plate clutch
14 and the high speed driven gear 15 (see Fig. 3).

[0026] Next, referring to Table 1, a description will be given of a basic processing method for controlling the engine
1 and the motor generator 11 in respective operating modes. Here, with respect to the gear change dog clutch 17, a
state that it engages with the low speed driven gear 16 is defined as a 1st position, a state that it engages with the
middle speed driven gear 18 is defined as a 2nd position, and an "OFF" state thereof is defined as an N (neutral) position.
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[0027] First, a description will be given of a control method in the stop mode. At a time of idling power generation
(No. 1in Table 1), the start clutch 3 is set to "ON", the high speed multi-plate clutch 14 is set to "OFF", the gear change
dog clutch 17 is set to the N (neutral) position, and the motor generator dog clutch 9 is set to "ON". Accordingly, the
torque from the engine 1 is transmitted to the motor generator 11 via the middle speed drive gear 7 and the motor
generator driven gear 8, and it is possible to generate power while idling the engine 1 in a state that the vehicle stops.
Further, in order to realize a smooth start from this state, it is necessary to start the vehicle while slipping the high
speed multi-plate clutch 14. After starting, the high speed multi-plate clutch 14 is quickly disengaged, the transmission
input shaft 4 and the transmission output shaft 19 are synchronously rotated by using the motor generator 11, an
electronically controlled throttle 22 and the like, and the gear change dog clutch 17 is set to the 1st position. At this
time, in the case that the gear change ratio of a gear stage having the multi-plate clutch arranged is small, there is a
risk that the engine stops without starting. In this case, the engine is prevented from stopping at a time of starting by
increasing the torque of the motor generator 11. Further, as another starting method, there is a method of first setting
the start clutch 3 to "OFF", thereafter controlling the motor generator 11 so as to synchronously rotate the transmission
input shaft 4 and the transmission output shaft 19, engaging the gear change dog clutch 17 with the 1st position, and
starting to the torque of the engine 1 while slipping the start clutch 3 as conventionally known or starting by the motor
generator 11.

[0028] Next, a description will be given of a control method at a time of idling stop (No. 2). The idling stop can be
performed by setting the start clutch to "OFF" from the state of the idling power generation (No. 1) and stopping a fuel
supply to the engine 1. At this time, it is necessary to set the gear change dog clutch 17 to the 1st position for realizing
a smooth start from the idling stop. When starting, it is possible to employ a method of starting according to the torque
of the motor generator 11 and a method of starting according to the torque of the motor generator 11 and push-starting
the engine 1. In the case of push-starting the engine 1, it is necessary to control the rotational speed of the engine 1
within a range capable of starting while slipping the start clutch 3. Further, in the case of push-start, it is significantly
effective to utilize an engine with electromagnetic drive type intake and exhaust valves. In the conventional type of
engine in which the intake and exhaust valves are opened and closed by rotating a cam shaft, there is a cylinder at
which the intake and exhaust valves are closed when the engine stops and this generates a great load, so that it is
necessary that the motor generator 11 generates a great torque when push-starting. On the contrary, in the engine
with the electromagnetic drive type intake and exhaust valves, it is possible to open the valves in all the cylinders when
the engine stops and the load is reduced, so that the push-start can be easily performed, it is not necessary that the
motor generator 11 outputs a great torque, whereby it is possible to make the motor generator 11 compact. Further,
the structure may be made such as to start by the torque of the motor generator 11 according to a conventionally known
starter motor (a dotted line 300 in Fig. 1) disposed in the engine side and start engine 1 by the starter motor so as to
gradually engage the start clutch and add the torque of the engine 1, thereby running.

[0029] Next, a description will be given of a travel by the motor generator 11. When reversing (No. 3), the start clutch
3 is set to "OFF", the motor generator dog clutch 9 is set to "ON", and any one of the low speed driven gear 16, the
middle speed driven gear 18 and the high speed driven gear 15 is selected so as to rotate the motor generator 11 in
a negative direction (a forward direction of the vehicle is set to a positive direction and a backward direction is set to
a negative direction), thereby running. It has been known that a great drive torque is required when reversing, the gear
change dog clutch 17 may be set to the 1st position and the high speed multi-plate clutch 14 may be set to "OFF".
Further, at a time of backward moving, the vehicle may be backwardly moved by engaging with a reverse gear (not
shown) and transmitting the torque of the engine 1 to a wheel 21 while slipping the start clutch 3 as conventionally
known. At a time of low vehicle speed (No. 4), the start clutch 3 is set to "OFF", the gear change dog clutch 17 is set
to the 1st position, the motor generator dog clutch 9 is set to "ON", the high speed multi-plate clutch 14 is set to "OFF",
and the motor generator 11 is positively rotated, thereby running the vehicle. In the same manner, at a time of middle
vehicle speed (No. 5), the start clutch 3 is set to "OFF", the gear change dog clutch 17 is set to the 2nd position, the
motor generator dog clutch 9 is set to "ON", and the high speed multi-plate clutch 14 is set to "OFF". Further, at a time
of high vehicle speed (No. 6), the start clutch 3 is set to "OFF", the gear change dog clutch 17 is set to the N (neutral)
position, the motor generator dog clutch 9 is set to "ON", and the high speed multi-plate clutch 14 is set to "ON". Further,
in the drive modes Nos. 3 to 6 mentioned above, since the motor generator 11 is directly connected to the transmission
output shaft 19, the energy can be regenerated at a time of reducing the speed. Further, in the drive modes Nos. 4 to
6 mentioned above, it is possible to control the start clutch 3 so as to push-start the engine 1. Further, as mentioned
above, it is possible to start the engine 1 by the starter motor and control the start clutch 3, thereby running according
to the torque of the engine 1.

[0030] Next, a description will be given of a travel by the engine 1 at a time of low vehicle speed (in a first speed
drive state). The start clutch 3 is set to "ON", the high speed multi-plate clutch 14 is set to "OFF", the gear change dog
clutch 17 is set to the 1st position, and the motor generator dog clutch 9 is set to "OFF" (No. 7). At this time, it is possible
to run at a low vehicle speed by the engine 1. Further, the start clutch 3 is set to "ON", the high speed multi-plate clutch
14 is set to "OFF", the gear change dog clutch is set to the 1st position, and the motor generator dog clutch 9 is set to
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"ON" (No. 8). At this time, in the case that a residual capacity of the battery 13 is a little and a necessity of generating
power by driving the motor generator 11 by means of the engine 1 is generated, running by the engine 1 and the power
generation by the motor generator 11 can be performed. Further, in the case that the battery 13 is fully charged and
has the residual capacity in reserve, a torque assist can be performed by the motor generator 11, and running can be
performed by the engine 1 and the motor generator 11. Further, in the drive motor No. 8 mentioned above, since the
motor generator 11 is directly connected to the transmission output shaft 19, energy can be regenerated when reducing
the speed.

[0031] Next, a description will be given of running by the engine 1 at the middle vehicle speed time (in the second
speed drive state).

[0032] The start clutch 3 is set to "ON", the high speed multi-plate clutch 14 is set to "OFF", the gear change dog
clutch 17 is set to the 2nd position, and the motor generator dog clutch 9 is set to "OFF" (No. 9). At this time, it is
possible to run at middle vehicle speed by the engine 1. Further, the start clutch 3 is set to "ON", the high speed multi-
plate clutch 14 is set to "OFF", the gear change dog clutch is set to the 2nd position, and the motor generator dog
clutch 9 is set to "ON" (No. 10). In the same manner as that at the low vehicle speed time, in the case that a residual
capacity of the battery 13 is a little and a necessity of generating power by driving the motor generator 11 by means
of the engine 1 is generated, running by the engine 1 and the power generation by the motor generator 11 can be
performed. Further, in the case that the battery 13 is fully charged and has the residual capacity in reserve, a torque
assist can be performed by the motor generator 11, and running can be performed by the engine 1 and the motor
generator 11. Further, in the drive motor No. 10 mentioned above, since the motor generator 11 is directly connected
to the transmission output shaft 19, an energy can be regenerated when reducing the speed.

[0033] Next, a description will be given of running by the engine 1 at the high vehicle speed time (in the third speed
drive state).

[0034] The start clutch 3 is set to "ON", the high speed multi-plate clutch 14 is set to "OFF", the gear change dog
clutch 17 is set to the N (neutral) position, and the motor generator dog clutch 9 is set to "OFF" (No. 11). At this time,
it is possible to run at high vehicle speed by the engine 1. Further, the start clutch 3 is set to "ON", the high speed
multi-plate clutch 14 is setto "OFF", the gear change dog clutch is set to the N (neutral) position, and the motor generator
dog clutch 9 is set to "ON" (No. 12). In the same manner as that at the low and middle vehicle speed times, in the case
that a residual capacity of the battery 13 is a little and a necessity of generating power by driving the motor generator
11 by means of the engine 1 is generated, running by the engine 1 and the power generation by the motor generator
11 can be performed. Further, in the case that the battery 13 is fully charged and has the residual capacity in reserve,
a torque assist can be performed by the motor generator 11, and running can be performed by the engine 1 and the
motor generator 11. Further, in the drive motor No. 10 mentioned above, since the motor generator 11 is directly con-
nected to the transmission output shaft 19, an energy can be regenerated when reducing the speed.

[0035] Further, at a time of running by the engine 1 mentioned above, in the case that the power generation and the
torque assist by the motor generator 11, it is necessary to control the motor generator 11 so as to synchronously rotate
the motor generator output shaft 10 and the transmission input shaft 4.

[0036] Further, in the structure according to the invention, it is possible to regenerate the energy at the speed reduc-
tion time in all the drive modes during running. For example, in the drive modes No. 7, 9 and 11 mentioned above,
when synchronizing the transmission input shaft 4 and the motor generator output shaft 10 and setting the motor
generator dog clutch 9 to "ON" at the speed reduction time, the energy can be regenerated.

[0037] Further, since the motor generator 11 serves as a starter for starting the engine 1, a gear ratio between the
middle speed drive gear 7 and the motor generator driven gear 8 is designed so as to transmit the torque from the
transmission input shaft 4 to the motor generator 11 in an increasing manner. Accordingly, since it is possible to reduce
the torque of the motor generator 11 required at a time of starting the engine 1 and the torque of the motor generator
11 is transmitted to the transmission input shaft 4 in a reducing manner, it is possible to reduce the torque of the motor
generator 11 required when running and assisting torque by the motor generator 11, so that it is possible to make the
motor generator 11 compact and light.

[0038] Further, in the conventional embodiment, two pairs of gear trains are provided in a transmission course be-
tween the engine and the motor generator, however, in the embodiment according to the present invention, the gear
trains are reduced to one pair. Accordingly, a transmission efficiency when generating power by the engine 1 can be
improved and the specific fuel consumption can be further reduced.

[0039] Fig. 2 is a schematic view in the case of accelerating the vehicle in a state of running by the drive force of the
engine. A dotted thick line in Fig. 2 shows a transmission course of the torque. As an example, a case of engaging the
start clutch 3 and engaging the gear change dog clutch 17 with the low speed driven gear 16 is supposed. At this time,
the torque of the engine 1 is transmitted to the transmission output shaft 19 via the low speed drive gear 6 and the low
speed driven gear 16. Here, in the case of accelerating the vehicle, since the motor generator 11 is intercepted from
the transmission input shaft 4 by the motor generator dog clutch 9 and the inertia torque of the motor generator 11 can
be reduced, it is not necessary to increase the torque of the engine 1 and the specific fuel consumption can be reduced
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at a time of acceleration.

[0040] Figs. 3 and 4 are schematic views in the case of changing speed from the first speed drive state in Fig. 3 to
the second speed drive state. When the vehicle speed becomes in the gear change state, the gear change dog clutch
17 is made in the disengaged state so as to disengage a connection between the low speed driven gear and the
transmission output shaft 19 as shown in Fig. 4. At the same time, the torque of the engine 1 is transmitted to the
transmission output shaft 19 via the high speed driven gear 15 by controlling the hydraulic actuator 24 so as to press
the high speed multi-plate clutch 14. The torque of the engine 1 is transmitted to the wheel axle 23 due to the pressing
force of the high speed multi-plate clutch 14 so as to become a drive torque for the vehicle, and the rotational speed
of the engine 1 is reduced due to the increased load of the engine 1 because the gear change ratio is reduced by the
high speed driven gear, so that the gear change ratio between the transmission output shaft 19 and the transmission
input shaft 4 becomes close to the gear change ratio of the second speed from the gear change ratio of the first speed
(in the direction of becoming small). At this time, the torque of the engine 1 is transmitted according to a transmission
course from the engine output shaft 2 to the transmission output shaft 19 successively through the start clutch 3, the
transmission input shaft 4, the high speed drive gear 5, the high speed multi-plate clutch 14 and the high speed driven
gear 15. Here, when the gear change ratio between the transmission input shaft 4 and the transmission output shaft
19 becomes the gear change ratio of the second speed, the gear change dog clutch 17 engages with the middle speed
driven gear 18 so as to engage the middle speed driven gear 18 with the transmission output shaft 19 as shown in Fig.
4. When the connection is completed, the hydraulic actuator 24 is controlled so as to release the pressing force of the
high speed multi-plate clutch 14, whereby the gear change from the first speed to the second speed is completed. At
this time, the torque of the engine 1 is transmitted according to a transmission course from the engine output shaft 2
to the transmission output shaft 19 successively through the start clutch 3, the transmission input shaft 4, the middle
speed drive gear 6 and the middle speed driven gear 15.

[0041] As mentioned above, the first speed is disengaged at a time of gear change so as to become the neutral
state, however, at this time, since the torque of the engine 1 is transmitted to the wheel axle 23 by the high speed multi-
plate clutch 14, the high speed drive gear 5 and the high speed driven gear 15, it is not necessary that the driver returns
the acceleration pedal (that is, it is not necessary that the torque and the rotational speed of the engine 1 are adjusted).
According to this structure, it is possible to change speed of the gear transmission while accelerating the vehicle. On
the contrary, in the case that the driver returns the acceleration pedal and controls the electronically controlled throttle
22 so as to narrow the throttle during the driving, a rotational synchronization between the transmission input shaft 4
and the transmission output shaft 19 by the high speed multi-plate clutch 14 becomes early (the rotational speed of
the engine 1 is early reduced), so that it is possible to shorten a time for changing the speed.

[0042] In the case of changing the speed to the third speed, it is possible to achieve the gear change by controlling
the hydraulic actuator 24 so as to make the pressing force of the high speed multi-plate clutch 14 maximum and making
the gear change dog clutch 17 in a disengaged state (neutral). Here, in the case of increasing the gear change ratio
(shift down), the hydraulic actuator 24 may be controlled so as to obtain a target gear change ratio in a state in Fig. 3,
whereby the pressing force of the high speed multi-plate clutch 14 may be adjusted. Further, the control method during
the gear change mentioned above can be realized in running mode by the motor generator 11, the mode of running
by the engine 1 and generating power by the motor generator 11, and running mode by the engine 1 and the motor
generator 11, in addition to running mode by the engine 1 as shown in the embodiment.

[0043] Fig. 5 is a schematic view of a whole of an automobile system according to a second embodiment of the
invention. This system corresponds to a structure in which a motor generator dog clutch 9 is arranged in a side of the
transmission input shaft 4 and a middle speed drive gear 7b is accordingly arranged so as to freely rotate with respect
to the transmission input shaft 4, in the structure shown in Fig. 1. Further, a motor generator driven gear 8b is fixed to
the motor generator output shaft 10. The other structures are the same as those shown in Fig. 1, the same reference
numerals as those in Fig. 1 are provided to the same elements in Fig. 5, and a description thereof will be omitted.
Further, when employing the structure, there is a disadvantage that the motor generator 11 is rotated in an accompa-
nying manner when running according to the engine 1 in the drive mode No. 9 shown in Table 1, however, it is possible
to disengage the motor generator 11 when running according to the engine 1 in the other drive modes, and since the
inertia torque of the motor generator 11 can be reduced in the case of accelerating the vehicle, it is not necessary to
increase the torque of the engine 1, whereby the specific fuel consumption can be reduced when accelerating.
[0044] Fig. 6is a schematic view of a whole of an automobile system according to a third embodiment of the invention.
This system corresponds to a structure in which a low speed multi-plate clutch 27 and a middle speed multi-plate clutch
17c¢ are respectively arranged with respect to the low speed driven gear 16 and the middle speed driven gear 18 in
place of the gear change dog clutch 17 and a motor generator multi-plate clutch 9c is arranged in place of the motor
generator dog clutch 9, in the structure shown in Fig. 1. Also in this structure, it is possible to realize the same effect
as the effect of engaging and disengaging the gear change dog clutch 17 and the motor generator dog clutch 9 shown
in Fig. 1. For example, when controlling the low speed hydraulic actuator 25 so as to make the pressing force of the
low speed multi-plate clutch 27 maximum, the low speed driven gear 16 and the transmission output shaft 19 are
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connected so as to become in the same state as the state of setting the gear change dog clutch 17 to the 1st position
in Fig. 1. In the same manner, when controlling the middle speed hydraulic actuator 26 so as to make the pressing
force of the middle speed multi-plate clutch 17¢ maximum, the middle speed driven gear 17 and the transmission output
shaft 19 are connected so as to become in the same state as the state of setting the gear change dog clutch 17 to the
2nd position in Fig. 1.

[0045] Further, when controlling the low speed hydraulic actuator 25 and the middle speed hydraulic actuator 26 so
as to release the pressing force of the low speed multi-plate clutch 27 and the middle speed multi-plate clutch 17c, the
structure becomes in the same state as the state of setting the gear change dog clutch 17 to the N (neutral) position
in Fig. 1. In the same manner, when controlling the motor generator hydraulic actuator 28 so as to adjust the pressing
force of the motor generator multi-plate clutch 9c maximum, the state of turning on and off the motor generator dog
clutch 9 can be realized. The other structures are the same as the structures shown in Fig. 1, the same reference
numerals as those in Fig. 1 are attached to the same elements in Fig. 6, and a description thereof will be omitted.
[0046] Fig. 7 is a schematic view of a transmission for a front engine front drive vehicle (an FF vehicle) to which the
present invention is applied. A transmission input shaft 804 and a transmission output shaft 819 are arranged in an
inner portion of a housing 850 so as to be in parallel to each other and freely rotate. The housing 850 is constituted by
a substantially cylindrical main body portion 862, a clutch housing 851 and a differential gear housing 854 which are
integrally formed, a front portion 863 mounted to a front end side of the main body portion 862 and an extension portion
864 mounted to a rear end side of the main body portion 862. A supporting portion 865 extending to a center side from
an inner peripheral surface is formed in a rear end side of the main body portion 862, a partition wall portion 853 is
formed in the front portion 863, the transmission input shaft 804 extends through the partition wall portion 853, and
one end portion thereof extends to a bearing 852 mounted t a rear end side of the extension portion 864, whereby the
transmission input shaft 804 is rotatably supported via the partition wall portion 853 and the bearing 852. A start clutch
803 is mounted to an end portion protruding into the clutch housing 851 of the transmission input shaft 804, and the
transmission input shaft 804 is connected to an engine output shaft 802 via the start clutch 803. On the contrary, the
transmission output shaft 819 is rotatably supported to bearings 852 respectively mounted to the partition wall portion
853 and a supporting portion 865. Further, a motor generator output shaft 810 is arranged on the same axis as the
transmission output shaft 819. The motor generator shaft 810 is rotatably held by the bearings 852 respectively ar-
ranged in the supporting portion 865 and an inner surface of the extension portion 864. A motor generator 811 is
installed within the extension portion 864, and a motor generator output shaft 810 is integrally formed with a rotor 860
thereof.

[0047] Further, a motor generator driven gear 808 is integrally mounted to the motor generator output shaft 810, and
a motor generator drive gear 861 always engaging with the motor generator driven gear 808 is rotatably arranged on
the same axis as the transmission input shaft 804. Reference numerals 809 denote a motor generator dog clutch, and
has a function of engaging or disengaging the motor generator drive gear 861 with respect to the transmission input
shaft 804. The differential gear housing 854 is formed in an outer side in a radial direction of the clutch housing 851
mentioned above, a differential gear carrier 858 holding a pinion 857 and a pair of right and left side gears 866 engaging
with the pinion 857 are provided in an inner portion thereof, and a ring gear 856 is integrally mounted to the differential
gear carrier 858. Then, a drive gar 855 engaging with the ring gear 856 is integrally mounted to the transmission output
shaft 819, and a portion 820 obtained by surrounding the pinion 857, the differential gear carrier 858, the side gear
866, the ring gear 856 and the drive gear 855 is totally called as a final gear. In this case, reference numerals 823
denote a front wheel drive shaft, and these elements are connected to the side gear 866.

[0048] Fig. 8 is a schematic view of a Transmission for the front engine front drive vehicle (the FF vehicle) to which
the present invention is applied, in the same manner as Fig. 7, in which a method of arranging the motor generator
and the high speed multi-plate clutch is changed. In Fig. 8, a transmission output shaft 919 extends to a rear end side
of an extension portion 964 and is rotatably supported by bearings 952 respectively arranged in a main body portion
962 and an inner surface of the extension portion 964. Further, a rotor 960 of the motor generator 911 corresponds to
an output shaft of the motor generator and the rotor 960 is integrally formed with a motor generator driven gear 908.
The motor generator driven gear 908 and the rotor 960 integrally formed with each other are rotatably arranged on the
same axis as the transmission input shaft 904, and the structures is made such that the motor generator 911 is directly
connected to the transmission input shaft 904 by engaging a motor generator dog clutch 909 with a motor generator
driven gear 908. Further, a high speed driven gear 905 and a transmission output shaft 919 are connected by pressing
a high speed multi-plate clutch 914. At this time, a torque from the trans-mission input shaft 904 is transmitted according
to atransmission course from the transmission input shaft 904 to the transmission output shaft 919 successively through
the high speed drive gear 915, the high speed driven gear 905 and the high speed multi-plate clutch 914. Since the
other structures are the same as those in Fig. 8, a description thereof will be omitted.

[0049] Fig. 9 is a schematic view showing a control device of a hybrid vehicle employing the Transmission shown in
Fig. 7. Reference numerals 2000 in Fig. 9 denote driver's intention detecting means. The driver's intention detecting
means normally corresponds to an acceleration pedal, a brake pedal and a shift lever. Reference numerals 1001 denote
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an engine, in the engine 1001, an amount of intake air is controlled by an electronically controlled throttle 1022 provided
in an intake pipe (not shown), and an amount of fuel corresponding to the amount of air is injected from a fuel injection
apparatus (not shown). Further, an ignition timing is determined from signals such as an air-fuel ratio, an engine rota-
tional speed or the like determined by the amount of air and the amount of fuel. Reference numerals 2002 denote an
engine control device. The engine control device 2002 is an apparatus for controlling the engine by the electrically
controlled throttle 1022, and for example, constituted by a micro computer, an electric circuit, a motor and the like. An
acceleration pedal opening degree, a brake pedaling force, a position of the shift lever, a residual capacity of the battery,
a vehicle speed, an engine rotational speed, a motor rotational speed are input to a power train control device 2001
in Fig. 9. Further, the power train control device 2001 controls so that a torque of the engine 1001 is calculated, a
throttle valve opening degree for achieving the engine torque is calculated so as to be transmitted to the engine control
device 2002 by communicating means, and the electronically controlled throttle 1022 achieves a desired throttle valve
opening degree.

[0050] Further, in the power train control device 2001, a torque of the motor generator 1011 is calculated so as to
be transmitted to a motor control device 2005 by communicating means, whereby each of actuators is controlled. The
motor control device 2005 charges an electric power generated by the engine 1001 and a regeneration electric power
obtained at a time of reducing the speed of the vehicle into the battery, or supplies the electric power from the battery
for driving the motor generator 1011, in correspondence to the volume of the battery. Further, in Fig. 9, reference
numerals 1003 denote a start clutch, 1014 a high speed multi-plate clutch, 1017 a gear change dog clutch and 1009
a motor generator dog clutch. In the power train control device 2001, a target start clutch position is calculated so as
to be transmitted to a start clutch control device 2003 by communicating means, whereby the start clutch 1003 is
controlled. In the same manner, the high speed multi-plate clutch 1014 is controlled by a multi-plate clutch control
device 2005, and the gear change dog clutch 1017 and the motor generator dog clutch 1009 are controlled by a dog
clutch control device 2006.

[0051] Fig. 10 is an idiomatic view of a hybrid vehicle in which the Transmission shown in Fig. 7 is provided in a front
wheel side. As shown in Fig. 10, it is possible to mount the Transmission to the automobile without adding the motor
generator to the drive wheel side (for example, in a rear wheel side).

[0052] Fig. 11 is a schematic view of a system (a fourth embodiment of the present invention) in which a motor 300
is added between the engine 1 and the start clutch 3 in the Transmission shown in Fig. 1 and the high speed multi-
plate clutch is arranged in a side of the transmission input shaft. The motor 300 is used for starting the engine 1 and
driven by the engine 1 so as to generate power. Further, when reducing speed, the start clutch 3 is set to "ON" so as
to regenerate. Further, in the case that the residual capacity of the battery is sufficient, the motor 300 can be used for
assisting torque, whereby a great drive force can be obtained. Further, the high speed drive gear 5 and the transmission
input shaft 4 are connected by pressing the high speed multi-plate clutch 14. At this time, a torque from the transmission
input shaft 4 is transmitted according to a transmission course from the transmission input shaft 4 to the transmission
output shaft 19 successively through the high speed multi-plate clutch 14, the high speed drive gear 5 and the high
speed driven gear 15. The other structures are the same as the structures shown in Fig. 1, the same reference numerals
in Fig. 1 are attached to the same elements in Fig. 11, and a description thereof will be omitted.

[0053] In this case, the invention is not limited to the system structure according to each of the embodiments men-
tioned above, and for example, the engine may be a gasoline engine or a diesel engine. Further, the mechanism for
transmitting the torque between the transmission input shaft and the electric rotary machine mentioned above can
employ a mechanism capable of transmission torque such as a CVT, a chain, a belt or the like, in addition to the gear
train. The clutch mechanism for engaging and disengaging between the transmission input shaft and the electric rotary
machine can employ an apparatus capable of selectively transmitting and intercepting the torque, for example, a wet
type multi-plate clutch, an electromagnetic clutch or the like. Further, the gear change mechanism in the invention may
be structured such that four stages or more for a forward movement can be set, and a gear change mechanism setting
a stage for a backward movement may be provided.

[0054] As will be apparent from the above, according to the invention, the following technical advantages can be
obtained:

(1) According to the clutch for adjusting the transmission torque between the input shaft and the output shaft in
the gear change apparatus, it is possible to reduce the gear change shock generated during the gear change
operation without adding the electric rotary machine to the drive wheel side from the gear change apparatus.

(2) According to the feature that the rotation of the output shaft in the electric rotary machine is reduced so as to
be transmitted to the engine side input shaft in a reduced manner, an electric efficiency when restarting the engine
is improved.

(3) According to the feature of engaging the gears provided in the output shaft of the engine and the output shaft
of the electric rotary machine with each other without interposing the other gears therebetween, it is possible to
restrict an efficiency reduction at a time of engine power generation.
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(4) According to the clutch for disengaging the output shaft of the electric rotary machine from the electric rotary
machine side input shaft of the gear change apparatus, it is possible to disengage the engine from the electric
rotary machine as occasion demands and prevent the inertia torque of the electric rotary machine from applying
to the engine side as a load.

Claims

1.

A power transmission apparatus of motor vehicles comprising:

an engine (1);

a gear change apparatus provided between said engine (1) and a vehicle drive shaft (23); and

an electric rotary machine (11) connected to an output shaft (2) of said engine (1) and said vehicle drive shaft
(23) via said gear change apparatus;

characterized by
a clutch (14) provided between an input shaft (4) and an output shaft (19) of said gear change apparatus, for
adjusting a transmission torque between said input shaft (4) and said output shaft (19).

2. A power transmission apparatus of motor vehicles according to claim 1, wherein said clutch (14) is mounted on a
gear having a minimum gear change ratio in said gear change apparatus.

3. A power transmission apparatus of motor vehicles according to claim 1 or 2, further having a clutch (9) for inter-
cepting the output shaft (10) of said electric rotary machine (11) from the electric rotary machine side input shaft
of said gear change apparatus.

4. A power transmission apparatus of motor vehicles according to any of claims 1 to 3,
wherein a rotation of an output shaft (10) of said electric rotary machine (11) is reduced and transmitted to an
engine side input shaft (4) of said gear change apparatus.

5. A power transmission apparatus of motor vehicles according to any of claims 1 to 4,
wherein the output shafts of said engine (1) and said electric rotary machine (11) are provided separately, and
gears respectively mounted on said two shafts for transmitting the power of the output shaft (2) of said engine (1)
and the output shaft (10) of said electric rotary machine (11) directly engage with each other.

Patentanspriiche

1. Eine Kraftlbertragungsvorrichtung von Kraftfahrzeugen mit:

einem Motor (1),
einer Gangwechselvorrichtung, die zwischen dem Motor (1) und
einer Fahrzeugantriebswelle (23) vorgesehen ist, und
einer elektrische Rotationsmaschine (11), die Gber die Gangwechselvorrichtung mit einer Abtriebswelle (2)
des Motors (1) und der Fahrzeugantriebswelle (23) verbunden ist,
gekennzeichnet durch
eine Kupplung (14), die zwischen einer Antriebswelle (4) und einer Abtriebswelle (19) der Gangwechselvorrichtung
vorgesehen ist, um ein Ubertragungsdrehmoment zwischen der Antriebswelle (4) und der Abtriebswelle (19) ein-
zustellen.

2. Eine Kraftibertragungsvorrichtung fir Kraftfahrzeuge nach Anspruch 1, wobei die Kupplung (14) an einer Gang-
stufe montiert ist, die eine minimale Schaltiibersetzung in der Gangwechselvorrichtung hat.

3. Eine Kraftiibertragungsvorrichtung fir Kraftfahrzeuge 1 oder 2 hat weiter eine Kupplung (9), um die Abtriebswelle

(10) der elektrischen Rotationsmaschine (11) von der Antriebswelle der Gangwechselvorrichtung auf der Seite der
elektrischen Rotationsmaschine zu trennen.
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4. Eine Kraftlibertragungsvorrichtung fur Kraftfahrzeuge nach einem der Anspriiche 1 bis 3, wobei eine Drehung
einer Abtriebswelle (10) der elektrischen Rotationsmaschine (11) vermindert wird und an eine Antriebswelle (4)
der Gangwechselvorrichtung auf Seiten des Motors ibertragen wird.

5. Eine Kraftlibertragungsvorrichtung fiir Kraftfahrzeuge nach einem der Anspriiche 1 bis 4, wobei die Abtriebswellen
des Motors (1) und der elektrischen Rotationsmaschine (11) separiert bereitgestellt werden, und dementsprechend
Zahnrader, die auf den beiden Wellen montiert sind, um die Leistung der Abtriebswelle (2) des Motors (1) und der
Abtriebswelle (10) der elektrischen Rotationsmaschine (11) zu tbertragen, direkt miteinander in Eingriff stehen.

Revendications
1. Un dispositif de transmission de puissance pour véhicule automobile comprenant :

un moteur (1),

un dispositif de changement de vitesse disposé entre ledit moteur (1) et un arbre de transmission du véhicule
(23) ; et

une machine rotative électrique (11) connectée a un arbre de sortie (2) dudit moteur (1) et audit arbre de
transmission du véhicule (23) par l'intermédiaire dudit dispositif de changement de vitesse ;

caractérisé par
un embrayage (14) disposé entre un arbre d'entrée (4) et un arbre de sortie (19) dudit dispositif de changement
de vitesse, permettant d'ajuster un couple de transmission entre ledit arbre d'entrée (4) et ledit arbre de sortie (19).

2. Un dispositif de transmission de puissance pour véhicule automobile selon la revendication 1, dans lequel ledit
embrayage (14) est monté sur un mécanisme de transmission ayant un rapport de vitesse minimum dans ledit
dispositif de changement de vitesse.

3. Un dispositif de transmission de puissance pour véhicule automobile selon I'une quelconque des revendications
1 ou 2, comprenant également un embrayage (9) permettant d'intercepter I'arbre de sortie (10) de ladite machine
rotative électrique (11) entrainé par I'arbre d'entrée situé du cété de la machine rotative électrique dudit dispositif
de changement de vitesse.

4. Un dispositif de transmission de puissance pour véhicule automobile selon I'une quelconque des revendications
1a3,
dans lequel une rotation d'un arbre de sortie (10) de ladite machine rotative électrique (11) est réduite et transmise
a un arbre d'entrée situé du cété du moteur (4) dudit dispositif de changement de vitesse.

5. Un dispositif de transmission de puissance pour véhicule automobile selon I'une quelconque des revendications
1a4,
dans lequel les arbres de sortie dudit moteur (1) et de ladite machine rotative électrique (11) sont fournis séparé-
ment, et
les pignons respectivement montés sur lesdits deux arbres permettant de transmettre la puissance de I'arbre de
sortie (2) dudit moteur (1) et de I'arbre de sortie (10) de ladite machine rotative électrique (11) s'engagent direc-
tement les uns avec les autres.
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